TITLE OF THE INVENTION 



MANUFACTURING METHOD OF HIGH RESISTIVITY SILICON SINGLE CRYSTAL 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a manufacturing method 
of a high resistivity silicon single crystal used in a substrate 
for a radio frequency communication device or the like. 

Prior Art 

In recent years, a demand for a high resistivity substrate 
has been built up in company with proliferation of a radio 
frequency communication device used in a short distance 
wireless LAN. A compound semiconductor technology using GaAs 
or the like has been conventionally used in more of cases on 
a substrate of a RF (Radio Frequency) circuit requiring a high 
resistivity. Such a compound semiconductor substrate, however, 
has been very expensive. 

While a silicon CMOS was thought unsuitable for an RF 
circuit because of a high power consumption, it has become 
applicable to an RF circuit due to a great miniaturization and 
a progress in designing in recent years. Hence, attention has 
been focussed on a high resistivity silicon wafer excellent in 
an RF characteristic and economy, such as a mirror finished 



silicon wafer made from a high resistivity crystal grown with 
a Czochralski method (CZ method) , an SOI (Silicon on Insulator) 
wafer or the like in place of a substrate made of a compound 
semiconductor such as GaAs . 

A high resistivity silicon wafer can be obtained from a 
high resistivity silicon single crystal manufactured with a CZ 
method. In manufacture of a silicon single crystal with a CZ 
method, the silicon single crystal, as having been well known, 
is pulled up while being rotated from a silicon melt formed by 
melting a silicon raw material in a quartz crucible. The 
silicon raw material is in more of cases poly-silicon rods 
produced with a Siemens method using especially trichlorosilane 
as a raw material, which also applies to a case where a high 
resistivity silicon single crystal is produced without 
exception. 

It has been found that in such a single crystal 
manufacturing method, however, high resistivity silicon single 
crystals, in a case where being produced, fluctuate in 
resistivity around a target value, which trend becomes more 
conspicuous with an increase in resistivity. 

That is, a poly-silicon raw material used in manufacture 
of a single crystal with a CZ method has been recently of a 
sufficiently high purity, and while not only is a trace of a 
dopant added to the high class row material to thereby secure 
a predetermined resistivity, but a high quality crucible is used 



and a crucible rotational speed, a pressure in a pulling furnace 
and the like are also adjusted to thereby obtain a single crystal 
of a low oxygen concentration, a problem has arisen of a 
fluctuation in resistivity, which has not been encountered in 
manufacture of crystals of a common resistivity. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
manufacturing method of a high resistivity silicon single 
crystal at a high yield, capable of suppressing a fluctuation 
in resistivity around a target value to thereby stably 
manufacture high resistivity silicon single crystals having 
almost the same resistivity. 

The present inventor has investigated and studied a cause 
for the fluctuation in resistivity of high resistivity silicon 
single crystals. As a result, it has been found that in 
manufacture of a high resistivity silicon single crystal, a 
fluctuation in impurity concentration in poly-silicon raw 
material, which has been regarded as not being problematic in 
manufacture of a silicon single crystal of a common resistivity, 
become a cause for a fluctuation in resistivity in the high 
resistivity silicon single crystal. 

That is, in the recent field of manufacture of a silicon 
single crystal, high quality poly-silicon sufficiently low in 
impurity has been conventionally used regardless of a 



resistivity in order to raise a product quality and no special 
poly-silicon raw material has been*used even in manufacture of 
a high resistivity silicon single crystal. Actually, even in 
manufacture of a high resistivity silicon single crystal, an 
impurity concentration in poly-silicon silicon raw material is 
sufficiently lower than a target resistivity value to thereby 
have secured a predetermined resistivity by reduction of a 
dopant amount added to a silicon single crystal. 

In manufacture of a high resistivity silicon single 
crystal, however, a level of influence of an impurity 
concentration on a resistivity is enhanced with an increase in 
the resistivity and thereby, even a trivial difference in 
impurity concentration is resulted as a large fluctuation in 
resistivity. The present inventor focused attention on this 
trend and actually investigated a level of influence of an 
impurity concentration in poly-silicon raw material on a 
resistivity of a high resistivity silicon single crystal. As 
a result, the following facts have been found. 

Poly-silicon raw material is packed in bags in use forms 
of cut rods, lumps or the like and supplied from a raw material 
maker to a single crystal maker. A raw material quality is 
usually indicated on each bag with a impurity concentration, 
a resistivity, a lifetime and the like, though there is a case 
where no raw material quality is indicated. No consideration 
has been given to the quality since the. quality is as high as 



to sufficiently meet a requirement in resistivity even in a case 
of a high resistivity silicon single crystal. It has been found 
as a result of the investigation conducted by the present 
inventor that in fact/ the quality affect the resistivity, 
however, to cause a fluctuation and it is required that in order 
to suppress the fluctuation in resistivity, poly-crystal raw 
material is selected to obtain a better quality with a high 
purity for actual use and to thereby, control poly-crystal raw 
material in actual use so as to have an impurity concentration 
a notch lower than the current level. 

That is, poly-silicon raw material produced with a 
Siemens method using trichlorosilane as raw material is 
different in impurity concentration with a large fluctuation 
and relatively high or relative low in impurity concentration 
according to a production maker and in addition, according to 
a batch, a position in a furnace, a sampling position in the 
same rod or the like though being supplied from the same maker. 
By selecting a better product with a high purity for use from 
poly-silicon raw material, a fluctuation in resistivity in a 
case where high resistivity silicon crystals are manufactured 
can be alleviated. 

While as a producing method of poly-silicon raw material, 
a Siemens method using trichlorosilane as raw material has been 
employed in more of cases in our country as described above, 
a producing method of poly-silicon raw material using 



monosilane as raw material has also been employed in foreign 
countries . The reason why trichlorosilane has been mainly used 
in our country is that the raw material is low in cost and good 
in crystallinity and operability, whereas monosilane low in 
reaction temperature is understood to be advantageous from the 
viewpoint of impurity contamination. In a matter of fact, 
poly-silicon raw material produced from monosilane as raw 
material is lower in impurity concentration as compared with 
one produced from trichlorosilnae as raw material. 
Accordingly, the use of poly-silicon raw material produced from 
monosilane is also effective for suppression of the 
fluctuation. 

A silicon single crystal pulled up with a CZ method using 
poly-silicon raw material greatly decreases an impurity 
concentration therein as compared with that in poly-silicon raw 
material because of segregation . Therefore, the use of a 
silicon crystal pulled up with a CZ method using poly-silicon 
as silicon raw material in a CZ method is also effective for 
suppression of fluctuation in resistivity in high resistivity 
silicon single crystals. Note that the silicon crystal is not 
required to be of a single crystal. 

A manufacturing method of a high resistivity single 
crystal of the present invention is a method having been 
developed based on the above findings and knowledge, wherein 
in a process where silicon raw material is molten to manufacture 



a high resistivity silicon single crystal having a resistivity 
in the range of from 100 to 2000 Q cm with a CZ method or a 
MCZ method, an impurity concentration in the silicon raw 
material is controlled in the range of from - 5 to 50 ppta in 
a case of the CZ method and in the range of from - 25 to 20 ppta 
in a case of the MCZ method in terms of (a donor concentration 
- an acceptor concentration) . 

As silicon raw material, it is possible to use poly- 
silicon produced with a Siemens method using trichlorosilane 
as raw material, poly-silicon produced with a Siemens method 
using monosilane as raw material or silicon crystal 
manufactured by a CZ method or a MCZ method pulled up from 
poly-silicon raw material . In a case where silicon rawmaterial 
is poly-silicon produced from trichlorosilane, the poly- 
silicon meeting the impurity concentrations is selectively used . 
In a case where silicon raw material is poly-silicon produced 
from monosilane or the silicon single crystal as rawmaterial, 
no selection is required because of a low impurity 
concentration . 

The reason why an impurity concentration range in silicon 
raw material is in the range of from - 5 to 50 ppta in a case 
of a CZ method and in the range of from - 25 to 20 ppta in a 
case of a MCZ method in terms of (a donor concentration - an 
acceptor concentration) is as follows. 

According to an investigation conducted by the present 



inventor, it is required that in a case where a high resistivity 
silicon single crystal having a resistivity of 100 Cl cm or higher 
with a CZ method, an impurity concentration in silicon raw 
material is restricted to a value of the order in the range of 
0 ± 20 ppta in order to decrease a fluctuation in resistivity 
around a target value to a level of the order in the non- 
problematical range. Since in a CZ method, there occurs 
dissolution of B, Al and the like, which are acceptors (p) , from 
a quartz crucible accommodating a raw material melt and a room 
corresponding to the dissolution can be available on the donor 
side (n) , an impurity concentration in silicon raw material, 
in the case of the CZ method, is controlled in the range of from 
- 5 to 50 ppta in terms of (a donor concentration - an acceptor 
concentration) . In a case of a MCZ method, since almost no 
consideration is given to dissolution of B, Al and the like from 
a quartz crucible, an impurity concentration range in silicon 
raw material is in the range of from - 25 to 20 ppta in terms 
of (a donor concentration - an acceptor concentration) . A 
preferable impurity concentration is in the range of from 0 to 
20 ppta in a case of the CZ method and in the range of from - 
5 to 10 ppta in a case of the MCZ, and in both cases of a CZ 
case and a MCZ case, an especially preferable impurity 
concentration is controlled commonly in the range of ± 5 ppta 
in impurity concentration difference only in consideration of 
dissolution from a quartz crucible. 
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The reason why a resistivity of a high resistivity silicon 
single crystal product is limited to the range of from 100 to 
2000 Q cm is as follows. In a case of a resistivity less than 
100 Q cm, common raw material can be used. In a case where a 
resistivity exceeds 2000 Q cm, there has been few requests for 
such a product and a fluctuation in measurement value of a 
resistivity are great, causing guarantee of a quality to be 
difficult and in addition, leading to difficulty controlling 
a crystal resistivity by doping. Note that a resistivity of 
silicon single crystal in the present invention means a 
resistivity in the top end portion of a single crystal 
cylindrical section . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Description will be given of embodiments of the present 
invention below. 

In this embodiment, first of all, silicon raw material 
is put into a crucible. The silicon raw material is cut rods 
and/or lumps of poly-silicon produced with a Siemens method 
using trichlorosilane as raw material and a high purity product 
of raw material supplied to a single crystal manufacturer is 
selected so as to obtain a product especially having an impurity 
concentration in the range of from - 5 to 50 ppta in terms of 
(a donor concentration - an acceptor concentration) and the 
selected raw material is used. A trace of a dopant is added 
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to the selected silicon raw material so that a resistivity of 
a silicon single crystal to be manufactured satisfies a 

predetermined target value in the range of from 100 to 2000 Q 
cm. 

An impurity concentration in poly-silicon for CZ produced 
with the Siemens method using trichlorosilane as raw material, 
according to an investigation conducted by the present inventor, 
fluctuates greatly in the range of from - 10 to 180 ppta in terms 
of (a donor concentration - an acceptor concentration) . In this 
embodiment, a product having an impurity concentration in the 
range of from - 5 to 50 ppta is selected from such poly-silicon 
and the selected poly-silicon is used. 

The crucible into which the silicon raw material has been 
charged is placed in a chamber, the silicon raw material in the 
crucible is heat melted according to a predetermined procedure 
to form a raw material melt in the crucible. After the melt 
of raw material is formed, a silicon single crystal is pulled 
up from the raw material melt according to a predetermined 
procedure. The manufactured silicon single crystal is a high 
resistivity product falling in the range of from 100 to 2000 
Q cm in the top end portion of a cylindrical section and a 
fluctuation in resistivity are small because of the selective 
use of silicon raw material. In order to realize a low oxygen 
concentration, the following consideration is as described 
above given in pulling single crystal: the use of a high quality 



crucible , and adjustment in crucible rotational speed and 
pressure in a pulling furnace and the like. 

Poly-silicon produced using monosilane can also be used 
instead of poly-silicon produced using trichlorosilane . 
Furthermore, a silicon single crystal manufactured with a CZ 
method from poly-silicon produced using trichlorosilane can 
also be used as silicon raw material. The kinds of raw silicon 
material can satisfy a requirement for an impurity 
concentration in the range of - 5 to 50 ppta without selection. 

EXAMPLES 

Then, examples of the present invention are shown and an 
effect of the present invention will be made clear by comparison 
with comparative examples. 

The following high resistivity silicon single crystals 
were manufactured with a CZ method using three kinds of 
poly-silicon produced from triclorosilane and supplied from 
different producers as raw material: p-type high resistivity 
silicon single crystal having resistivity values of 100 Q cm, 
300 fi cm, 500 Q cm, 1000 Q cm and 2000 Q cm, and n-type silicon 
single crystal having resistivity values of 100 Q cm, 500 Q 
cm and 2000 Q cm. Analytical results of impurities included 
in the three kinds of poly-silicon are shown in Table 1. 
Table 1 

analytical results of impurities included in poly-silicon 
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(catalog values of ASIMI) 



(FTIR/FTPL) 



measured 
elements 


monosilane 
method 


trichlorosilane method 


company A 


company B 


company C 


B 


7 + 1 


8 + 3 


4 ± 1 


9 ± 1 


P 


8 + 2 


31 + 30 


16 + 9 


27 + 6 


As 






1 = 1 


trace 



(ppta) 

The three kinds of poly-silicon were used in mixture 



without selection in a comparative example. In an example, a 
product in the range of from - 5 to 50 ppta in terms of (a donor 
concentration - an acceptor concentration) is selected from the 
poly-silicons and the product was used. Actual resistivity 
values are shown in comparison with target resistivity values 
in Table 2 (p-type single crystal) and Table 3 (n-type single 
crystal) . 
Table 2 

p-type resistivity after crystals are grown using raw material 



selected or not 



raw material 
selected or 
not 


n: 

number 


target resistivity (Q cm) 


100 


300 


500 


1000 


2000 


No 


12 


98 . 6 to 
101 


287 to 
314 


465 to 
538 


868 to 
1200 


1530 to 
2910 


Yes 


10 


99.8 


302 


491 to 
508 


992 to 
1038 


1910 to 
2100 



Table 3 



n-type resistivity after crystals are grown using raw material 



selected or not 



raw material 
selected or not 


n : 

number 


target resistivity (Q cm) 


100 


500 


[ 2000 


No 


6 


104 


408 to 701 


1030 to 3200 


Yes 


3 


99.8 


495 


2090 
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It is understood from Tables 2 and 3 that by selecting 
raw material to control an impurity concentration in the raw 
material in the range of from - 5 to 50 ppta in terms of (a donor 
concentration - an acceptor concentration) , a deviation from 
a target resistivity is reduced. A deviation from a target 
resistivity in a case where raw material is selected comes from 
dissolution from a quartz crucible, inability of determining 
concentrations of Al and As at a measurement of an impurity 
concentration in raw material because of being less than 
measurable limits, a cooling state in donor annihilation heat 
treatment and the like. In a case where no selection is 
conducted, a deviation due to a difference in impurity 
concentrations in used raw material occurs in addition to the 
deviations caused by the above factors. In a case of a p-type 
resistivity of 100 Q cm or higher, since a dopant concentration 
is 1.3 x 10 13 atoms/cm 3 , a deviation of 1 x 10 12 atoms/cm 3 , which 
corresponds to one tenth, or higher in a dopant concentration, 
if occurs, would greatly fluctuate a resistivity. Since a 
deviation in a dopant concentration in a case of no selection 
is conducted is about 2 x 10 12 atoms/cm 3 or higher, a fluctuation 
in resistivity unavoidably occurs, while since a deviation in 
a dopant concentration in a case of selection is conducted is 
restricted to about 5 x 10 11 atoms/cm 3 , a fluctuation in 
resistivity is reduced even in a high resistivity. 

The three kinds of poly-silicon produced from 



trichlorosilane were selected to thereby extract a product in 
the range of from - 25 to 20 ppta in terms of (a donor 
concentration - an acceptor concentration) and the selected 
poly-silicon was used in a MCZ method. Actual resistivity 
values corresponding to target resistivity values are shown in 
Table 4 (p-type single crystal) and Table 5 (n-type single 
crystal) . 
Table 4 

p-type resistivity after crystals are grown with MCZ method 



raw material 
selected or not 


n: number 


target resistivity (Q cm) 


500 


1000 


No 


2 


460 to 515 


880 to 1300 


Yes 


3 


490 to 505 


990 to 1036 


Table 5 

n-type resistivity after crystals are grown with MCZ i 


raw material 
selected or not 


n: number 


target resistivity (Q cm) 


1000 


2000 


No 


2 


688 to 1910 


1002 to 3100 


Yes 


2 


890 to 1120 


1600 to 2560 



As can be seen from Tables 4 and 5, since dissolution of 
B, Al and the like from a quartz crucible decreases in a case 
of a MCZ method, raw material is selected so as to control an 
impurity concentration thereof in the range of from - 25 to 20 
ppta in terms of (a donor concentration - an acceptor 
concentration) , thereby enabling a resistivity close to a 
target value to be obtained. 

P-type and n-type high resistivity silicon single 
crystals having resistivity values of 500 Q cm and 2000 Q cm 
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were produced with a CZ method from poly-silicon produced with 
a Siemens method using monosilane as raw material. Analytical 
results of impurity included in poly-silicon are shown in Table 
1. A difference of (a donor concentration - an acceptor 
concentration) is in the range of from - 2 to 4 ppta. 

Actual resistivity values corresponding to target 
resistivity values of manufactured high resistivity silicon 
single crystals are shown in Table 6 (p-type single crystal) 
and Table 7 (n-type single crystal) . 
Table 6 

p-type resistivity after crystals are grown using monosilane 
raw material 



n: number 


target resistivity (Q cm) 




500 


1000 


2 


498 


1010 


Table 7 






n-type resistivity after crystals are 


n: number 


target resistivity (Q cm) 




500 


2000 


3 


498 


1999, 2015 



As can be seen from Tables 6 and 7, poly-silicon raw 
material produced from monosilane is low in a P (phosphorus ) 
concentration and again low in impurity concentration in terms 
of (a donor concentration - an acceptor concentration) , thereby 
enabling a fluctuation in resistivity of high resistivity 
silicon single crystals to be decreased even without selection 
of raw material. 
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Twelve undoped silicon single crystals each weighing 
about 5 kg were grown from a total charge weight of 140 kg with 
a MCZ method using poly-silicon produced from trichlorosilane 
as raw silicon. The twelve ingots (totaled 60 kg) of thus 
purified raw material were cut and washed, then charged into 
a quartz crucible to grow p-type and n-type silicon single 
crystals of 6 inch in diameter and 1000 Q cm in resistivity. 
Impurity concentrations in the purified raw material with the 
CZ method are shown in Table 8 and resistivities of the high 
resistivity silicon single crystal are shown in Table 9 (p- 
type single crystal) and Table 10 (n-type single crystal) . A 
difference of (a donor concentration - an acceptor 
concentration) in the purified raw material is in the range of 
from - 5 to 11 ppta. 
Table 8 

analytical results of impurities included in purified silicon 
crystal (PL) 



measured elements 


contents 


B 


5 ± 3 


P 


8 + 5 



(ppta) 



Table 9 

p-type resitivity after crystals are grown using purified raw 
material 



n: number 


target resistivity (Q cm) 


1000 


1 


1020 



Table 10 
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n-type resistivity after crystals are grown using purified raw 
material 



n: number 


target resistivity (Q cm) 


1000 


1 


1050 



As can be seen from Tables 8 to 10, a P (phosphorus) 
concentration in poly-silicon produced with a trichlorosilane 
method can be reduced with a CZ method or a MCZ method to purify 
the poly-silicon to a same level of poly-silicon produced with 
a monoslane method. A fluctuation in resistivity of high 
resistivity silicon single crystals grown using the purified 
raw material can also be decreased without conducting the 
selection . In this purifying method, an undoped crystal having 
a predetermined weight is grown and thereafter a dopant is added 
into the melt, thereby enabling manufacture of a single crystal 
product having a common resistivity. A dopant addition during 
growing a crystal allows the part which tends to be a 
nonstandarized product to be a raw material for a high 
resistivity. 

As having described above, a manufacturing method of a 
high resistivity silicon single crystal of the present 
invention is a method wherein in a process where silicon raw 
material is molten to manufacture a high resistivity silicon 
single crystal having a resistivity in the range of from 100 
to 2000 Q cm with a CZ method or a MCZ method, an impurity 
concentration in the . silicon raw material is controlled in the 
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range of from - 5 to 50 ppta in a case of the CZ method and in 
the range of from - 25 to 20 ppta in a case of the MCZ method 
in terms of (a donor concentration - an acceptor concentration) , 
whereby a fluctuation in resistivity around a target value is 
suppressed and high resistivity silicon single crystals having 
almost the same resistivity can be stably manufactured, leading 
to an effect of enabling great improvement on product yield. 
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